• Peroxides
INTRODUCTION
The occurrence of natural products which contain a peroxide group has been known since 1911, when ascaridole was isolated from the essential oil of Chenopodium ambrosioides (Chenopodiaceae). This oil was utilized as anthelmintic and ascaridole was identified as responsible for its activity (Gessner, 1953; Hope, 1958) . In the following decades, compounds with a similar structure were not isolated; peroxides were considered to be too unstable and ascaridole was thought to be an exception.
In the meantime, as much as 320 peroxides have been isolated from natural material (Casteel, 1992) . They occur mainly as terpene derivatives, although cumarine, fatty acids and alkaloids peroxides derivatives have also been isolated. Beside plants, many species of fungi and marine organisms produce metabolites containing a peroxide group. The peroxide function has been detected in different classes of natural compounds that are mentioned in Table I , based on the review published by Casteel (1992) . The occurrence in vascular plant families according the literature published until 1999 is summarized by Table II. Many biological activities were described for the peroxides. They show ichthyotoxic and antimicrobial activity, fungicide, anthelmintic and cytotoxic activity. At the moment, the most important activity exhibited by peroxides is the antimalarial activity (Vennerstrom, Easton, 1988; Rücker, 1994) . The prevention and cure of malaria depends on a limited number of drugs. Resistance of the malaria parasites Plasmodium ssp. to drugs such as quinine (and more lately chloroquine) occurs with increasing frequency and emphasize the necessity to develop new agents for malaria chemotherapy (Kirby, 1996) . Quinghaosu (artemisinin), a sesquiterpene isolated from Artemisia annua, is the best known plant derivative as an antimalarial drug after quinine (Klayman, 1985) . Another sesquiterpene peroxide, named yingzhaosu, was isolated from Artabotrys uncinatus (Annonaceae) and also possesses a significant antimalarial activity. Both compounds contain an endoperoxid group, which is responsible for their activity (Klayman, 1985) and have opened a new chapter in the chemotherapy of malaria. The majority of drugs active against malaria are in fact derived from natural products or from structures suggested by natural products prototypes, but, as a source of novel drugs, plants remain largely understudied (Kirby, 1996 Fresh plant material (10-20 g) was crushed and extracted with CH 2 Cl 2 or CHCl 3 (10-20 mL) previously tested for peroxides. The extraction procedures were performed at the same day of the plant collection; in the case of distant places, the macerates were prepared at the field and concentrated at the laboratory. After maceration for 4-10 h, the extracts were filtered and concentrated under reduced pressure until 1 mL, at temperatures below 40 °C.
The concentrated extracts were then chromatographed on silicagel F 254 TLC plates, with CH 2 Cl 2 . In the case that peroxide-like spots appeared at the front, the TLC analysis was repeated using petroleum ether: AcOEt (9:1) as eluting solvent. After elution, the TLC was observed under UV light at 254 and 366 nm. Afterwards the peroxides were detected by a specific reagent described by Huber and Fröhlke (1972) . With this reagent, hydroperoxides develop blue spots immediately, and for endoperoxides the blue color appears after a few minutes.
RESULTS AND DISCUSSION
A total of 500 samples of 357 species were collected, including male and female individuals (some Baccharis species), and samples from different regions. The main target was Asteraceae, considering previous occurrence reports of peroxide compounds (Table II) , and thus any found species was collected for the screening. Concomitantly, ca. the same number of species from other (Table II) , but suggested that they can also be found frequently in other plant families, such as Myrtaceae and Verbenaceae. Within the Asteraceae a higher rate of positive results were observed in genera belonging to the tribes Anthemideae and Senecioneae. Otherwise, in some tribes there were no samples with positive reaction, as in the case of Vernonieae (13 species tested), Cichorieae (3), Cynareae (2) , Helenieae (2) (results not shown), or with a low rate, as in the case of tribes Inuleae (19 species tested, 1 positive result). The species which gave negative reaction with the peroxide reagent are not presented. The list of these plants can be obtained from the author to whom correspondence should be addressed.
From the plants listed on Table III , several were selected for detailed investigation, observing also factors as the abundance of the species and the foliar mass. From these works (Falkenberg, 1991; Marek, 1994; Heinzmann, 1996; Rücker et al., 1996) some new peroxides were isolated. Some of the isolated peroxides were also tested for antimalarial activity, semi-synthesized and derivatized (Rücker, 1994) . The compound with most promising activity was 1 (bisabolene-1,4-endoperoxide=1,4-epidioxy-bisabolan-2,12-diene) (Figure 1 ), for which in vitro an IC 50 0.05 was observed, in comparison with the value 0.005 for artemisinine as reference compound (Heinzmann, 1996; . Since the compound 1 was isolated from Heterothalamus psiadioides, H. alienus, Senecio selloi and Eupatorium rufescens (Heinzmann, 1996; Rücker et al., 1996; Rücker et al., 1996) it seems to have a wide occurrence, being first reported from Rudbeckia lasciniata (Bohlmann et al., 1978) , and also from Ligularia speciosa (Bohlmann, Fritz, 1980) , Chamaemelum fuscatum (Pascual et al. 1983) and Senecio desfontnei (Metwally, Dawidar, 1986) . Two others bisabolan-type sesquiterpenes, zingiberene-3,6-aand zingiberene-3,6-b-endoperoxides (3 and 4) were isolated from S. selloi and E. rufescens and also showed antimalarial activity in vitro, but this activity was weaker than the activity of bisabolene-1,4-endoperoxide. S. selloi also contains two hydroperoxides (5 and 6) , which were identified indirectly by isolation, identification and posterior photooxidation of α-curcumene, their precursor in the plant (Figure 1) . The detailed investigation of the CH 2 Cl 2 extract of S. selloi also showed a greyish blue spot with the Huber's peroxide reagent. After isolation, this compound was identified as a triterpene ozonide (7), which contains a new 9-epi-cucurbitan skeleton (8) (Rücker et al., 1999) .
The possible occurrence of peroxides in species of Myrtaceae, as suggested by our screening, was a subject of a detailed investigation. The substances giving positive reaction in the extracts from Eugenia hyemalis and Paramyrciaria glazioviana were isolated; the structure elucidation revealed these compounds to be the quinones 9, 10 (Figure 1) (Falkenberg, 1996) . The high oxidation potential of this class is pointed as the reason for the positive reactions with the Huber's peroxide reagent (Kiefer, 1994) .
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RESUMO

Investigação de plantas brasileiras quanto à presença de peróxidos
